Abstract: This paper reports the development of mobile computing in construction management. The paper focuses on the methodology of the development based on EUC. First, the paper indicates the effectiveness of EUC in construction projects. The authors introduce design pattern of user interface and the use of UML for EUC. Secondly, the paper describes the process of development of PDA Inspection Support System for Finish Work with UML. User interface is an interface between users and computer-aided system, and can be one between users and system developers. In the developed system, user interfaces are classified to some design patterns with the use of control function such as list, option button and scroll bar. End users can customize and combine them freely. As a result, they can make their own flowcharts. System developers can build computer-aided systems with them easily and quickly. The paper also shows the effectiveness of the system. Finally, the paper summarizes this methodology and concludes the effectiveness.
INTRODUCTION
Construction managers have recently handled various types of digital information such as drawings, specification, checklists and daily reports [2, 4] . However, they need to access the real construction site to manage the construction project. They usually use sheets of paper and/or field notes. As a result, they still have a lot of typical and routine jobs in construction site, such as the collection of construction data and the inspection. A gap in time and space between the outdoor construction site and the office occurs [4] . Now the current mobile computing can improve the field work in construction, and enhance the total productivity of construction management. The authors have developed the mobile computer-aided engineering systems, as follows: Inspection System, Position Check System, and Progress Monitoring System [4] . In the paper, the authors made clear the necessary functions for the system through the interview with construction managers, and adopted PDA as a mobile computer. The mobile system is composed of two programs: the data input program in PDA and the output and analysis program in the spreadsheet application software of PC. User interfaces in PDA are mainly for data input, and answer various kinds of data input such as text and number. On the other hand, construction projects have unique features and limitations. Computer-aided engineering systems for construction projects need the flexibility for each of projects. The authors recognize that the concept of EUC is useful and necessary to achieve it. However, there has been no useful methodology to realize EUC in the development of computer-aided engineering systems for construction projects. There has been no useful tool for it. This paper aims to establish the methodology of the development of computer-aided engineering systems. The authors indicate two points for EUC. One is the mechanism to acquire the flexibility of system. They pay attention to design pattern of user interface. The other is a useful communication tool between end users and system developers. Common language between them is necessary. They pay attention to the Unified Modeling Language (UML).
EUC AND MODELING
As mentioned above, the authors recognize that EUC is useful as a concept corresponding to acquire the flexibility of system. However, it is still unrealistic that end users, construction managers, develop the whole of the computer-aided engineering system for the project. In general, their current literacy for the development of the system is not enough. The authors have developed the systems by the collaboration of end users and system developers [4, 5] . The development is based on the EUC. EUD (End User Development) may be suitable for this process. That is, system developers prepare all-purpose components of the system in advance. End users customize and combine them freely to execute the construction rationally and effectively. System developers complete the computer-aided engineering system under the basic design. They can develop it quickly and achieve the flexibility for each.
2.1Main Points in Modeling based on EUC
Through the above development of system, the authors understand that the modeling, which both end users and system developers can understand, is necessary. There are two points in the modeling. One is the mechanism to acquire the flexibility of system. The authors think that it is design pattern of user interface. It is necessary that end users can recognize the functions, controls, and behaviors of model. It is also necessary that they can design the basic structure of the system with the model. On the other hand, it is necessary that system developers can build the system with the model. In other words, the important object in modeling for EUC will be "the object of control" from the view point of end users, and be "the base of design" from that of system developers. Design pattern of user interface can satisfy both requirements. The other is how to communicate between end users and system developers for the development of the system. Common language between end users and system developers is necessary. A useful communication tool not only between end users and system developers but also among system developers is also necessary. UML offers nine graphical diagrams that describe the computer system from various kinds of viewpoints. There is some possibility of using UML as the useful communication and design tool.
Application of UML
The UML is a graphical language for visualizing, specifying, constructing, and documenting the artifacts of a software-intensive system. UML offers a standard way to write a system's blueprints, including conceptual things such as business processes and system functions as well as concrete things such as programming language statements, database schemas, and reusable software components [7] . UML defines some diagrams to describe complex systems at different views.
The authors arranged UML diagrams and set up the modeling flow for this research. Figure 1 shows the flow and the role of each diagram. In this modeling, users are end users or system developers. They are classified in three broad categories. They are basically in ascending order, and are sometimes in parallel one. The first category is the case study. 1) Description of Use Case: Users arrange actual use cases and define the relationship among them with use case diagram. As a result, the scope of model and system will become definite. 2) Description of Process Case: Users describe a scenario for each use case. Scenario is not a UML diagram. However, the research in JAHIS [3] uses it effectively. It will help the structure of model behavior. So, the authors adopt it. 3) Description of Object Case: Users describe the object diagram for each use case. This will help the construction of class diagram.
The second category is the description of model behavior. In other words, it is the description of dynamic structure of system. 
MODELING WITH UML
The paper explains the modeling for the case of the finish work inspection with PDA Inspection Support System for Finish Work, especially for dwelling apartment building projects. The first step of modeling in this research is case study. Figure 1 shows a use case diagram in the case. It shows that an inspector in surveillance firm, a superintendent in general contractor and a foreman in subcontractor can be the user of the PDA system. The inspection work with the system includes five subworks such as "record the position" and "issue site instruction". It is extended from the work of "record defects in dwelling units." The inspection for common corridor is possible as another use case. Figure 2 shows a scenario in the case that an inspector in surveillance firm inspects dwelling units.
Use Case and Scenario
In this scenario, a superintendent in general contractor uses the PDA system, and issues site instruction for the rectifying. A rectifier is a foreman in subcontractor. 3) Observer records the position with System. 4) Observer records the building-elements, the condition the subcontractors to rectify the defect with System. 5) Obserber make site instructions with System and issue it. 6) Rectifier rectifies the defect and record the completion. 7) Observer examines the rectification and reports it to Inspector. 8) Inspector examines the rectification and records the completion.
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It basically indicates a flowchart in the case. The flow and sequence of works make clear. It also sets the lane for affiliates. Each role makes clear in the inspection. Moreover, it can express the decision when guard conditions are used to indicate different possible transitions that depend on Boolean conditions [7] . Works can be classified by the type of content such as decision making and data input. This classification is related to the scope and role of computer-aided systematization. Figure 5 shows a sequence diagram in the case. It focuses on the message flow. The related subjects are the sender and the receiver on messages. They include engineers such as inspector, and constituents of the system such as PDA. This diagram is also related to the scope and role of computer-aided systematization.
Design Pattern in GUI
The authors recognize GUI as the important object of design pattern for EUC. It is familiar to both end users and system developers. The left sequence diagram in Figure 6 shows message flow around a core of GUI model in the case. This GUI model, which the authors have arranged for EUC, has five properties. The first one is the name such as pattern-A and pattern-B, which is just for the identification. The second one is the type of control such as list and scrollbar. In this case, this means a tool in data input. The third one is the type of access to GUI such as the selection of item and the direct input of information. The forth one is the type of data such as Integer, String and Boolean. The fifth one is the number of data input. 
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The type of control and that of access are related to that of data. For instance, the selection from the list is suitable for the input of the item. The use of scrollbar is suitable for the input of numerical data, especially by users with gloves out of doors. This is possible in construction site. As sequence diagram shows message flow, the input and output in the system makes clear. The content of this GUI model is also familiar to both end users and system developers. Therefore, this flow can be designed by the collaboration of end users and system developers. The right one in Figure 6 shows the case of Position Monitoring System with PDA. This case uses the right control such as list, option button and scrollbar, in the right place. Once the sequence diagram of GUI model is established, the development of actual GUI is easy and doesn't need much time. Figure 7 shows the development of actual GUI in the system. The upper flow of GUI shows the case of Inspection System. The lower one shows that of Position Monitoring System. These cases well express the feature of data input in PDA systems.
State Transition in GUI
Actual use of the system is the process of not sequential, but trial and error. Users will go ahead and back in the process. The system must correspond to this situation. Figure 8 shows the statechart diagram of GUI in the case. Basic states are three: the waiting state of data input, the inputting state of data, and the reading state of list. This diagram can be a users' manual and specification for the development. Figure 6 and 8 are complementary each other.
Improvement of System
The UML is a graphical language for visualizing, specifying, constructing, and documenting the artifacts of a software-intensive system [7] . Therefore, it can express the difference among systems visually. There is some possibility of expressing the effect of the introduction of system, and that of the improvement of one. Figure 9 shows sequence diagrams of three models about the inspection work. Model 1 is the traditional way with paper sheets for both the data input and the rectifying order. Model 2 uses the PDA system for the data input, and paper sheets for the order. Model 3 uses the PDA system and the network for both the data input and the order. The work volume of GC decreases at the transition from Model 1 to Model 2. To make clear the effect, the authors divide a model to two domains: man area and machine one, and classify information to two domains: analog information and digital one. Through the improvement, machine area increases and is refined. The information is digitized. 
SUMMARY AND CONCLUSION
This paper describes the methodology of the development of mobile computing system based on EUC. The authors see the advantages of design pattern of user interface as the mechanism to acquire the flexibility of system. Moreover, they see that of UML as the communication tool not only between end users and system developers but also among system developers. The paper introduces the description of the development process of PDA system with UML. Sequential diagram of GUI model well expresses the feature and design pattern of user interface. End users can take part in the design, and system developers can execute the coding of real system with it. That is, it works as modeling based on EUC. Moreover, the comparison between models with sequential diagram well expresses the effect of the introduction of computer-aided system, and that of the improvement of one. Other diagrams in UML also express the model from various kinds of viewpoints that are useful for the development of system. 
